Objectives: Autonomic deficits in chronic inflammatory demyelinating polyradiculoneuropathy (CIDP) have not been adequately quantitated. The Composite Autonomic Severity Score (CASS) is a validated instrument for laboratory quantitation of autonomic failure derived from standard autonomic reflex tests. We characterized dysautonomia in CIDP using CASS.
Involvement of somatic nerve fibers in chronic inflammatory demyelinating polyradiculoneuropathy (CIDP) has been characterized as affecting large myelinated fibers more than small myelinated and unmyelinated fibers. However, involvement of autonomic fibers has not been well characterized. Studies on dysautonomia in CIDP report variable prevalence of autonomic deficits (21% to 76%) [1] [2] [3] [4] probably due to different sample sizes and inclusion of autonomic tests with low sensitivity, specificity, reproducibility, or unknown confounding variables. Large series on CIDP report infrequent and mild autonomic complaints. [5] [6] [7] However, severe dysautonomia has been described in anecdotal reports. 8 -11 Quantification of autonomic failure using validated instruments is lacking in CIDP. The Composite Autonomic Severity Score (CASS) is an instrument for laboratory quantification of autonomic failure into a single validated score that corrects for the confounding effects of age and gender. deficits; 2) the potential site of the autonomic lesion; and 3) whether autonomic deficits related to somatic neurologic deficits. We hypothesized that 1) some degree of autonomic dysfunction is present; 2) the site of the autonomic lesion is mostly distal, reflecting summated distal axonal dysfunction, with some cases demonstrating a ganglionopathy or proximal nerve involvement; and 3) autonomic dysfunction is associated with disease duration and severity or somatic small nerve fiber involvement. Combining a variety of autonomic testing into a single validated scale will lead to better characterization of autonomic dysfunction in CIDP.
METHODS Standard protocol approvals, registrations, and patient consents. After approval from the appropriate institutional review board, consenting medical records were reviewed.
We identified medical records of cases with a potential diagnosis of CIDP with full neurophysiologic and neurologic evaluation performed between 1992 and 2009 using the central diagnostic index at Mayo Clinic. A comprehensive list of keywords that encompassed diagnoses and syndromes related to CIDP were used (e.g., Guillain-Barré syndrome, polyradiculopathy). Those who underwent autonomic reflex screen (ARS) were further identified by review of Mayo Autonomic Laboratory records. The ARS is routinely performed in the vast majority of patients evaluated for peripheral neuropathy at our institution. Thermoregulatory sweat test (TST) was not required to avoid selection bias on the assumption that more severely affected or atypical patients are more likely to undergo TST.
Only patients with classic CIDP with a negative workup for conditions associated with neuropathy were included in the analysis (n ϭ 47 cases). Autonomic symptoms were retrospectively abstracted from systematic chart review by only one author (J.F.).
After chart review was completed, we retrospectively identified a subset of patients who had been enrolled in neuropathy research studies following their initial clinical visit for neurologic complaints. In this subgroup of patients, symptoms had been quantitated with the Neuropathy Symptoms and Change Score (NSC), which has an autonomic questionnaire subcomponent. We used these cross-sectional data for internal validation of data obtained through chart review.
Because we did not use demographic selection criteria, our study population was not limited to those living relatively close to Mayo Clinic Rochester, i.e., Olmsted County. Hence, our study population reflected the combined local and referral population.
Inclusion criteria.
Patients were included if they met 3 clinical criteria for classic CIDP as originally described by Dyck et al. 5 and further modified by Laughlin et al. 13 : 1) initial clinical deterioration over a period of Ն8 weeks with subsequent monophasic, progressive, or relapsing course; 2) preferential or at least equal involvement of large nerve fibers (motor or vibration and proprioception) as compared to small sensory (pain and temperature) or autonomic fibers; and 3) symmetric involvement of proximal and distal segments of all 4 limbs with hyporeflexia or areflexia. After fulfillment of all clinical criteria, patients were then required to show strong evidence of a demyelinating process by meeting one of 3 possible sets of electrophysiologic criteria: 1) definite American Academy of Neurology AIDS Task Force CIDP electrophysiologic criteria 14 (n ϭ 30); 2) definite European Federation of Neurological Societies/Peripheral Nerve Society electrophysiologic criteria 15 plus supportive evidence defined as response to immune therapy or CSF albuminocytologic dissociation (n ϭ 16); or 3) probable electrophysiologic criteria by either group plus nerve biopsy showing segmental demyelination and prominent onion bulbs (n ϭ 1).
Exclusion criteria.
To restrict analysis to classic forms of CIDP, patients were excluded if they had 1) refractory CIDP or atypical variants of CIDP (e.g., pure sensory, pure motor, pure distal, multifocal, asymmetric, or localized forms); 2) mechanical intrathecal compression due to massive nerve root hypertrophy resulting in myelopathy, cauda equina syndrome, or lumbosacral spinal canal stenosis; 3) coexistent conditions that suggest secondary CIDP (e.g., HIV, multiple myeloma, sarcoid, Crohn disease, Sjögren disease); 4) other causes of demyelination that can potentially mimic CIDP (e.g., monoclonal gammopathy, hereditary demyelinating neuropathies, POEMS, diabetic lumbosacral radiculoplexus neuropathy); 5) alternative causes of neuropathy (e.g., diabetes, paraneoplasia, B12 deficiency); and 6) other causes of autonomic dysfunction (e.g., spondylitic myelopathy, multiple sclerosis) including failure to properly discontinue (5 half-lives) medications that affect autonomic function prior to autonomic testing.
Neuropathy Impairment Score. The Neuropathy Impairment Score (NIS) is a standardized measurement of severity of somatic neuropathic deficits, both motor and sensory. 16 Muscle weakness of a predetermined group of muscles, loss of deep tendon reflexes in upper and lower limbs, and loss of large and small fiber sensation of index fingers and great toes are summated and expressed as a composite score ranging from 0 (no impairment) to 244 (maximal impairment). The examiner grades abnormality of each item according to sex, age, physical fitness, and other anthropomorphic characteristics.
Quantitative sensation testing. Computer-assisted sensory examination (CASE IV) of the lower limb was performed to establish the type of somatic sensory fiber involvement. 17, 18 The magnitude of the stimulus to detect vibration (large myelinated), cooling (small myelinated), and heat-pain (small unmyelinated) was measured and expressed as a percentile of a normal population of the same age and sex. Vibratory, cooling, and intermediate heat-pain (HP 5.0) thresholds were considered abnormal when Ն95th percentile for any modality (hypoesthesia or hypoalgesia) or Յ5th percentile for heat-pain (hyperalgesia).
Neuropathy Symptoms and Change Score. The NSC is a standardized measurement of number, severity, and change in motor, sensory, and autonomic neuropathic symptoms. 19 The autonomic component is comprised by a questionnaire for the presence of symptoms related to orthostatic intolerance, upper and lower gastrointestinal dysmotility, genitourinary dysfunction, rectal sphincter control, and sicca complaints.
Autonomic Reflex Screen. The ARS consists of a set of autonomic function tests routinely used in clinical practice to assess the severity and distribution of sudomotor, cardiovagal, and adrenergic deficits and have been previously described. 20 Quantitative sudomotor axon reflex test (QSART) at proximal and distal standard sites was used to assess the integrity of the sympathetic postganglionic sudomotor axon and the pattern of involvement (e.g., length-dependent). 21 Beat-to-beat heart rate responses to deep breathing and the Valsalva maneuver were used as indices of cardiovagal function. Beat-to-beat blood pressure responses to the Valsalva maneuver and head-up tilt (HUT) were used as indices of adrenergic function.
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Thermoregulatory sweat test. The TST assesses the integrity of central and peripheral sudomotor pathways involved in the thermoregulatory response to changes in environmental temperature. 22 TST characterizes the distribution of sweat loss, provides a quantitative measure of anterior body surface anhidrosis, and when combined with QSART, helps in establishing the site of lesion relative to the autonomic ganglia (preganglionic vs postganglionic). 23, 24 Sweating is demonstrated by a change in color of an indicator powder applied on the surface of a patient lying supine inside a sweat cabinet. The percent of anhidrosis in the anterior body surface is calculated from digital photographs. 22 Results are expressed as percent of anterior body surface anhidrosis and patterns of anhidrosis (i.e., distal, focal, segmental, regional, global, and mixed). In addition, at QSART sites, lesions can be categorized as 1) "preganglionic" if TST shows anhidrosis but corresponding QSART is normal; and 2) "postganglionic" if QSART is abnormal.
Composite Autonomic Severity Score. The CASS has been validated to provide a measure of severity and distribution of autonomic failure and is derived from the autonomic reflex screen as previously described. 12 The CASS score ranges from 0 to 10 points and is subdivided into 3 subscores: CASS sudomotor (range 0 -3), CASS cardiovagal (range 0 -3), and CASS adrenergic (range 0 -4). Each score has been normalized for the confounding variables of age and gender. 24 Laboratory evidence of autonomic failure is graded as follows: 0, absent; 1-3, mild; 4 -6, moderate; and 7-10, severe failure.
Statistical analysis. Descriptive statistics were used to express and compare continuous and dichotomous results. For continuous measurements we expressed results as means and standard deviations and determined differences between groups using Wilcoxon rank sum test. The Spearman rho tested correlations among continuous variables. For dichotomous variables, we used Fisher exact test. Statistical significance was defined as p value Ͻ0.05.
RESULTS
Of 594 screened patients with potential CIDP, 47 met our clinical and electrophysiologic criteria for classic CIDP and had full autonomic testing performed at Mayo Clinic from 1992 to 2009. All patients had negative hematologic, infectious, endocrine, metabolic, rheumatologic, monoclonal gammopathy, and myeloma screening.
Clinical somatic manifestations. Demographic and neurologic features are summarized in table 1. Of 47 patients with CIDP identified, 25 were men and 22 were women. On average, onset of symptoms occurred in middle-aged (41 Ϯ 14.9 years) patients. In the majority of patients, the diagnosis of CIDP was further supported by 1) CSF albuminocytologic dissociation suggesting inflammatory demyelination at nerve root level; and 2) favorable response to immunomodulatory therapy as judged by patient, physician, and neurologic examination.
At time of autonomic testing, age was 45.0 Ϯ 14.9 years, duration of illness 3.5 Ϯ 4.3 years, and degree of somatic neurologic deficits was moderate (NIS, 46.5 Ϯ 32.7). The majority of patients had a motor-predominant phenotype of insidious onset and progressive course. Neuropathic pain or sensory complaints were not prominent. Quantitative sensation testing (QST) showed equal proportion of large and small sensory fiber involvement (table 1) .
Clinical autonomic manifestations. Autonomic symptoms are summarized in table 2. Autonomic symptoms, as assessed by chart review at time of clinic visit, were reported in 13 (23%) patients at some point during the course of the disease. They preceded neurologic manifestations in 2 (4%) and accompanied neurologic presentation in 4 (9%) patients. The 2 patients with orthostatic intolerance had mild adrenergic abnormalities on autonomic testing. The complaints were mostly mild and transient and were overshadowed by the severity of somatic neurologic manifestations. 
QST abnormality of lower limb Large fiber abnormality-vibration, n/t (%)

25/36 (69)
Small fiber abnormality-cooling or heat-pain, n/t (%)
26/36 (72)
Abbreviations: CIDP ϭ chronic inflammatory demyelinating polyradiculoneuropathy; NIS ϭ Neuropathy Impairment Scale; n/t ϭ number affected/total number; QST ϭ quantitative sensory testing.
Upon completion of chart review, we queried The Peripheral Nerve databases to establish which of our 57 patients with classic CIDP had participated in research. We found that 13 (28%) had been enrolled in neuropathy research studies at the time of their initial clinical evaluation. They were required to complete standardized neuropathy questionnaire that included the autonomic symptoms component of the NSC. Four of them reported autonomic symptoms as follows: patient 1: orthostatic intolerance with loss of bladder and rectal control; patient 2: erectile dysfunction; patient 3: anorgasmia; patient 4: dry eyes and mouth.
Autonomic reflex screen and CASS scores. The severity and distribution of autonomic deficits are summarized in table 3. Laboratory autonomic deficits were seen in 22 (47%) patients with total CASS scores Յ3 in all patients indicating that dysautonomia in classic CIDP is of minimal severity and limited distribution. Among those with autonomic deficits, 13 patients had QSART abnormalities that were mostly mild (CASS-sudomotor, 1.5 Ϯ 0.7), distal or patchy, and involving a single site; 7 had mild cardiovagal abnormalities (CASS-cardiovagal, 1.0 Ϯ 0.0); and 3 had mild adrenergic abnormalities (CASS-adrenergic 1.0 Ϯ 0.0) on the Valsalva maneuver as follows: patient 1, pulse pressure compression, exaggerated early phase II, blunted late phase II, normal head-up tilt, no orthostatic intolerance; patient 2, decreased late phase II and absent phase IV, delayed orthostatic hypotension (106/70 mm Hg, supine, stable for 5 minutes on HUT, then 68/50 mm Hg associated with lightheadedness), but no clear history of orthostatic intolerance; patient 3, lack of phase IV, normal HUT, and history of orthostatic intolerance.
Thermoregulatory sweat test. Only 8 patients underwent TST, showing heterogeneous results (figure)
. TST was normal in 3 patients. The remaining 5 had various degrees of body surface anhidrosis ranging from 2% to 59% (mean 12.8% Ϯ 21.0%) with various patterns of distribution: distal in 2, regional (mainly lower body) in 2, and mixed (distal and patchy) in 1 patient. Sites with reduced QSART were mostly located in areas of intact TST sweating (indicating a quantitative impairment) and to a lesser degree in some areas with TST anhidrosis, a combination supporting postganglionic site of sudomotor denervation. There were no sites of normal QSART located in areas of TST anhidrosis to indicate a preganglionic lesion. Altogether, these findings suggest that sudomotor abnormalities were essentially mostly distal and postganglionic (figure).
Relation to somatic features. There was no correlation between severity and distribution of autonomic deficits (CASS) and severity of somatic deficits (NIS) (r ϭϪ0.073, p ϭ 0.628) or disease duration (r ϭ 0.166, p ϭ 0.265). There was no association between presence of QST-small fiber abnormalities and definite autonomic deficits defined as CASS Ն2 (p Ͻ 0.69). There was no association between gender and CASS Ն2 (p Ͻ 0.33). Age at disease onset (50.5 Ϯ 13.0 vs 38.3 Ϯ 14.8; p Ͻ 0.018) and at autonomic testing (55.0 Ϯ 14.1 vs 41.5 Ϯ 13.7; p Ͻ 0.012) was significantly higher in patients with a total CASS Ն2. DISCUSSION In this study, we have characterized the features of autonomic dysfunction in classic CIDP as follows: 1) autonomic symptoms were sparse and when present mainly manifested as bowel and bladder complaints; 2) autonomic deficits were minor and limited to sympathetic sudomotor and cardiovagal function with relative sparing of sympathetic adrenergic function; 3) the lesion appeared to be mainly distal and postganglionic; and 4) autonomic deficits did not relate to somatic deficits. This distinctive autonomic profile may have diagnostic implications and can be compared in a standard way to other neuropathies that have been studied using CASS as summarized in table 4. In general, the table shows that autonomic findings in CIDP are minor compared to other forms of neuropathy, especially other inflammatory neuropathies.
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The current study is limited by 1) its retrospective nature with potential bias to patient recall and examiner questions; and 2) potential selection bias to more dysautonomia in those referred for autonomic testing. However, selection bias for autonomic assessment is unlikely because autonomic testing is a routine component of neuropathy evaluation at Mayo Clinic peripheral neuropathy clinic. Furthermore, if selection bias existed, the degree of autonomic neuropathy in CIDP would even be milder and more limited than our estimation.
The lack of serious clinical dysautonomia in our series is in keeping with the majority of previous reports that show that autonomic symptoms are usually mild in CIDP. 5, 7, [35] [36] [37] Conversely, deficits were frequently subclinical as previously reported.
1 Although genitourinary symptoms were frequent, pure (pudendal) somatic dysfunction could potentially account for micturition complaints. 4 The profile of autonomic laboratory deficits (CASS) found in our patients is in agreement with most studies, specifically the relatively intact baroreflex-mediated peripheral vasoconstriction and paucity of florid orthostatic hypotension in the majority of patients.
1,2,10 Only 3 patients had minimal adrenergic impairment based on the blood pressure profile on the Valsalva maneuver and only one of them showed delayed orthostatic hypotension on HUT. Higher frequency and severity of sympathetic adrenergic failure has been reported on moderately disabled patients based purely on abnormalities on prolonged head-up tilt. 3 Without correlation with more solid indices of adrenergic function such as the blood pressure profile to the Valsalva maneuver, a nonadrenergic cause such as hypovolemia and deconditioning cannot be ruled out.
Our TST findings, like those previously reported, 1 were heterogeneous. Combining both studies, abnormalities range from normal to various degrees of anhidrosis and distribution patterns including distal, focal (patchy on limbs), regional, and global. Although the site of sudomotor lesion appeared predominantly postganglionic as a result of lesions at the distal axon, larger samples of patients with TST are needed to corroborate these findings. If correct, they likely represent summated distal axonal dysfunction in different body distributions.
A general agreement between loss of autonomic fibers and loss of somatic small fibers has previously been reported. 38 Contrary to our hypothesis, we did not find such association. Moreover, autonomic features were independent of neurologic disease duration and severity. These findings may suggest different pathogenic mechanisms between somatic and autonomic fiber loss in patients with CIDP.
Our data characterize the autonomic dysfunction in CIDP predominantly as a mild, limited, and distal postganglionic cholinergic neuropathy. Future directions should explore the utility of CASS in differentiating conditions such as acute-onset CIDP from acute inflammatory demyelinating polyradiculoneuropathy (AIDP) or diabetes with CIDP from diabetic lumbosacral radiculoplexus neuropathy (DLRPN). In AIDP, autonomic symptoms and deficits are frequent and sometimes severe. In contrast, we have shown that CIDP dysautonomia is limited and minor. DLRPN is frequently associated with early and well-controlled diabetes. It has previously been shown that autonomic neuropathy in average community diabetic patients is mild and limited. Hence, mild dysautonomia in diabetes with CIDP is predicted. In contrast, DLRPN is associated with frequent, severe, and widespread autonomic symptoms and deficits. Moderate to severe autonomic deficits in a more widespread distribution (CASS Ն4) were not found in our CIDP series. When present, concern for an alternative diagnosis should be raised. 
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